This paper reports preliminary results from a study on the influence of planning processes on variability in the acoustic characteristics of vowels. Twelve speakers produced multiple tokens of words varying in phonological neighborhood density (PND). As in previous research, vowels in words with high PND were produced closer to the periphery of the acoustic vowel space than were vowels in low PND words. Response latencies predicted the degree of hyperarticulation in an experimental condition in which these latencies were thought to reflect the extent of coactivation of phonologically similar words, but not in a condition in which this coactivation was presumed to have attenuated.
INTRODUCTION
It is axiomatic that the acoustic form of linguistic structures can be highly variable within and across talkers. Variability has been particularly well described for the first and second formant frequencies of the midpoints of vowels. These vary as a function of speaker anatomy (Fant, 1966) , consonantal context (Stevens & House, 1963) , prosodic structure (De Jong, 1995) , and speaker identity (Munson, McDonald, DeBoe, & White, 2006) , among other factors. The factor of interest in this study is the influence of phonological neighborhood density (PND) on the acoustic characteristics of vowels. PND refers to the number of real words that differ from a target word by some criterion. It is conventionally measured as the number of real words that can be created by adding, deleting, or substituting a phoneme in a target word. English monosyllabic words vary greatly in PND. Some words have many neighbors (i.e., cat, whose neighbors include scat, cast, at, cap, pat, and kite, among many others), while others have few (i.e., voice, whose neighbors include only choice, Joyce, vase, and vice) . Words with a high PND are processed more slowly, are less audible, and are misperceived more often than words with low PND (Luce & Pisoni, 1998; Dirks, Takayanagi, & Moshfegh, 2001 ) It was first documented by Wright (2004) that in read laboratory speech talkers produce vowels in words with high PND closer to the periphery of the F1/F2 space than the same vowels in words with low PND. This was subsequently replicated by a number of researchers in read speech (Munson & Solomon, 2004; Scarborough, 2010; Watson & Munson, 2008) . One recent study on conversational speech failed to replicate this finding (Gahl, Yao, & Johnson, 2012) .
The nature of the effect of PND on vowel acoustics is hotly debated. One intuitive explanation, suggested by Wright (2004) , is that this reflects a listener-directed partial compensation for the negative effect of high neighborhood density on perception. Another possibility, argued by Pierrehumbert (2002) , is that the effect represents the cumulative influence of PND on the production-perception loop. If words with high PND are not perceived unless they are articulated especially clearly, then speakers would only have hyperarticulated exemplars of high PND words available to use as targets in production. A substantially different proposal is advanced by Baese-Berk and Goldrick (2009). Baese-Berk and Goldrick showed that the voice-onset time of word-initial voiceless stops was longer in cases where the word contrasted with a voiced stop at the same place of articulation (i.e., cod-god) than in cases where it did not (i.e., cop-*gop). They argue that this effect is due to the coactivation of similar words during speech production.
If the hyperarticulation of vowels in high PND words are due to the coactivation of phonologically similar words in production, then the degree of hyperarticulation should be related to another measure presumably related to the coactivation of words, production latencies. Specifically, hyperarticulation should be greatest when the production latencies are shortest, as coactivation is thought to explain why pictures whose names are high in PND are named more quickly than those whose names are low in PND (Vitevitch, 2002) . We would further predict that this relationship would be weaker in a condition in which we enforced a delay between the presentation of the word and the onset of their response. We assume that the co-activation of related words would attenuate during that interval. This experiment is similar to one presented by Munson (2007) , which also examined the extent to which planning processes affect vowelspace dispersion. It differs three ways. First, it includes fewer word types but more productions of each type. Second, it explicitly examines the relationship between response latency and vowel-space dispersion. Third, it is part of a larger study on the influence of PND on vowel production in individuals acquiring English as a second language.
METHODS

Participants
Eighteen native speakers of English (9 women, 9 men) participated. Data from 12 of these speakers (7 women, 5 men) are reported here. Analyses of the remaining six participants are ongoing. Analyses are also ongoing for productions by a group of 18 L2 speakers of English whose L1 was Korean, as part of a larger study examining the development of PND effects on production in L2 learners of English. All speakers reported no past or current speech, language, or hearing impairment.
Stimuli
Stimuli were 32 words, organized into 16 pairs of high and low density words with the same vowel, as shown in Table 1 . These were a subset of the 40 low-frequency words from Munson and Solomon (2004) , and were chosen to exclude words with consonants or vowels that native speakers of Korean would have difficulty pronouncing. 
Procedures
The procedures used in this experiment are similar to those in Munson (2007) . During the experiment, participants viewed a red computer screen. On each trial, a word was presented framed framed by a red background. The background changed to green concurrent with the presentation of a 100 ms, 1000 Hz tone presented over a loudspeaker. Participants were instructed to produce the word when the screen changed to red and tone played. The tone and color change was either concurrent with the presentation of the word (the 0 ms delay condition) or 1000 ms after (the 1000 ms delay condition). Each word was presented five times each at the 0 ms and 1000 ms delay intervals.
Analysis
Miscues, disfluent responses, and responses prior to the tone were removed from analysis. The offset of the response tone, and the onset and offset of vowels was hand marked in Praat (Boersma & Weenink, 2002) . The Bark-scaled F1 and F2 were extracted from LPC formant tracks. For each usable production, the response latency, vowel duration, and distance from the vowel from the center of the speaker's F1/F2 space were measured.
RESULTS
The first analysis examined whether an effect of PND on vowel production could be found using the type of analysis that has been reported previously. For this analysis, the average dispersion, duration, and response latency was calculated separately for high and low PND words at each of the delay intervals.
These were the dependent measures in a series of two-factor within-subjects ANOVAs with PND and delay interval as within-subjects factors. As in Munson (2007) , PND significantly affected vowel dispersion, with vowels in high PND words being father from the center of the vowel space than those in words (F[1,11] = 21.5, p = 0.001). This effect is shown in Figure 1 . FIGURE 1. Vowel-space dispersion, separated by delay interval and PND Both PND and delay interval affected response latency (F[1,11] = 8.14, p = 0.016, F[1,11] = 78.1, p < 0.001, respectively), with no significant interaction. These effects are shown in Figure 2 . The effect of delay interval was consistent with previous research using this paradigm (e.g., Balota & Chumbly, 1985) . The direction of the effect of PND was not expected based on previous work by Vitevitch, as the high PND words were produced with longer response latencies than the low PND words at both delay intervals. There was no significant effect of delay interval on dispersion, nor did these factors interact. Neither PND nor delay interval affected vowel duration. Linear mixed-effects regressions (LMER) with crossed random effects for participants and items (Baayen, Davidson, & Bates, 2008) were used to examine the effect of response latencies on dispersion. Two LMERs were conducted. In both of these analyses, the dependent measure was the dispersion of each token from the center of the speaker's vowel space, and the predictors were vowel type, vowel duration, raw phonological neighborhood density (taken from the English Lexicon Project, Balota et al., 2007) , and response latency. Separate analyses were conducted for the productions in the immediate delay interval and those at the 1000 ms delay interval. Recall that we predicted that response latency would affect dispersion in the immediate delay condition, but not in the 1000 ms delay condition. Consistent with this, the response latency was a significant predictor in the model for the immediate response condition (β = 0.0003, z = 1.919, pMCMC = 0.05, Pr(>|t|) = 0.055), but not in the 1000 ms delay condition (β = 0.0001, z = 0.56 pMCMC = 0.056, Pr(>|t|) = 0.57). Vowel type and PND were significant predictors in both of these models, and vowel duration was significant in neither model. Note that the effect of PND on vowel dispersion was in the opposite-than-predicted direction: words produced after a longer delay had moredispersed vowels than those produced after a shorter delay.
DISCUSSION
As in previous research, vowels in high PND words were produced closer to the periphery of the F1/F2 vowel space. This preliminary finding suggests that response latencies might be a useful predictor of the degree of vowel dispersion, and that the delayed response paradigm might be useful in determining the locus of this effect. Ongoing analyses are examining whether this effect holds for the larger group of talkers, and for individuals who speak English as a second language.
